on behalf of the InterCHANGE Group abstract PURPOSE Head and neck squamous cell carcinoma (HNSCC) incidence is high in South America, where recent data on survival are sparse. We investigated the main predictors of HNSCC survival in Brazil, Argentina, Uruguay, and Colombia.
INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC) incidence is high in South America, with higher rates in Argentina, Brazil, French Guyana, and Uruguay. 1 The main risk factors for HNSCC continue to be smoking and alcohol consumption, 2 potentially modifiable lifestyle factors. However, high-risk human papillomavirus (HPV) infection has become an important risk factor for a subset of HNSCC, mostly in the oropharynx. 2 In the United States, where aggressive tobacco control programs have resulted in reduced tobacco use, a marked decline in the incidence rates of larynx cancer (LC), hypopharynx cancer (HC), and oral cavity cancer (OC) has been observed over the past 3 decades. In the same period, the incidence of HPV-related oropharynx cancer (OPC) has increased substantially. 3 In South America, the prevalence of HPV-related OPC seems to be much lower than that in the United States (60%) or Europe (31%). The reported prevalence of HPV-related OPC has been reported to be as low as 4% in Sao Paulo, Brazil. 4 Despite progress in diagnostic procedures and therapeutic management, survival after HNSCC diagnosis remains relatively low in Europe 5, 6 and North America, 7 whereas recent survival data are scarce in South America. In this study, we aimed to examine the survival of patients with HNSCC in several South American institutions and investigate the influence of sociodemographic, lifestyle, and clinical factors on survival.
Inclusion criteria included age ≥ 18 years and a diagnosis of a primary HNSCC from 2011 to 2017. HNSCC was classified according to the International Classification of Diseases for Oncology, third edition, 8 and included LC (C32.0-C32.9), HC (C12.9 and 13C.0-13C.9), OC (C00.3-C00.9, C02.0-C02.3, C03.0-C03.9, C04.0-C04.9, C05.0, and C06.0-C06.9), and OPC (C01.0-C01.9, C02.4, C05.1-C05.2, C09.0-C09.9, and C10.0-10.9). All tumors were confirmed by histology.
Explanatory Variables
All patients participated in a standardized interview conducted within 6 months of diagnosis, during which information on sociodemographic, lifestyle, and clinical factors was collected. Sociodemographic variables included residence at time of recruitment, sex (male or female), age at diagnosis (≤ 50, 51-60, 61-70, or ≥ 71 years), education level (categorized as illiterate, fundamental incomplete, fundamental complete, medium complete, or superior), and self-identified race or ethnicity (white, black, mulatto, or other/unknown). Mulattos are considered to be people of mixed African and European descent. As a result of small numbers, Asians, indigenous, and mestizo (mixed indigenous and European descent people from Colombia) patients were grouped in the race or ethnicity category of other.
Lifestyle variables included comprehensive tobacco and alcohol histories. Tobacco use included cigarettes, cigars, and pipes, and the following 3 aspects were investigated: overall smoking history (never-smoker, former smoker, or current smoker), (2) smoking duration (categorized as never, 1-39, or ≥ 40 years), and (3) smoking intensity (categorized as never, , 30, or ≥ 30 pack-years). Alcohol intensity was examined as overall alcohol history (neverdrinker, former drinker, or current drinker) and alcohol intensity (categorized as ≤ 2 or . 2 drinks per day). Alcohol use included all types of alcohol, such as cachaça, vodka, whisky, tequila, rum, gin, beer, and wine.
Clinicopathologic data were obtained from medical records and pathologic reports. Stage at diagnosis was based on the seventh edition of the TNM classification of the American Joint Committee on Cancer (AJCC) 9 and classified into four categories (stage I-IV). Institutions from Buenos Aires, Goiania, and Vitoria provided additional information on HPV-16 E6 serology (a highly specific biomarker of HPV-16 infection) for patients with OPC, which corresponded to nearly 50% of patients with OPC. Patients with high seroreactivity (mean fluorescent intensity, ≥ 1,000) were considered to have HPV-related OPC. 10 
Follow-Up
The primary outcome was overall survival, which was measured from the date of HNSCC diagnosis until death from any cause, the end of the study (June 31, 2018), or loss to follow-up, whichever occurred first. Patients contribute person-years of follow-up from their date of diagnosis to the date of death, loss to follow-up, or end of study. Therefore, there was a maximum of 7.5 years of follow-up (January 1, 2011, to June 31, 2018) . Information on vital status was obtained via routine follow-up visits and/ or by linking the patient's data with vital statistics, cancer registry files, and medical records, depending on the available sources at each center. IARC provided an online database to enter follow-up information. For the main analysis, we assumed that a patient was lost to follow-up when he or she could not be tracked by any source of information in the last 24 months of the study completion.
Statistical Analyses
Analyses were performed separately by anatomic cancer site. Because of the relatively small sample size, patients with HC were pooled with patients with LC for multivariable regression analysis. We estimated the probability of 3-year survival using the Kaplan-Meier method and compared differences in survival curves across strata for each variable using the log-rank test.
To evaluate the association between survival and the explanatory variables, we used hazard ratios (HRs) and 95% CIs estimated by means of Cox proportional hazards models. Variables included in the models were those that had an a priori hypothesized or previously observed association with HNSCC survival based on a review of the literature. These include age and stage at diagnosis, sex, education, race or ethnicity, and smoking and alcohol histories. Univariable and multivariable models (including all variables) were fitted. All multivariable models were adjusted for calendar year of diagnosis (categorized as 2011-2013 and 2014-2017) and center to account for possible changes in therapeutic management over time and different treatment approaches, respectively. The model with combined LC and HC was additionally adjusted for tumor site as a result of the potential differences in prognosis between the 2 types of cancer. The model for OPC also included HPV status because differences in prognosis between HPV-related and HPV-unrelated OPC have been reported.
The proportional hazards assumption, assessed by examining log-log survival plots and Schoenfeld residuals, was met for all variables in the multivariable models. Likelihood ratio tests were used to obtain overall P values for each variable in the multivariable models, considering comparison with the model excluding the variable in question. A small amount of data was missing for some explanatory variables, and all analyses were restricted to patients with complete data on all variables used in the multivariable models, thus assuming that the data were missing completely at random. All statistical analyses were performed using Stata 14.2 statistical software (StataCorp, College Station, TX). A 2-sided P , .05 was considered statistically significant.
Ethics Approval
The InterCHANGE study was approved by the ethical review boards of the IARC and of each participating center. All patients provided written informed consent for their participation in this study.
RESULTS
From 2011 through 2017, a total of 1,829 patients newly diagnosed with HNSCC were enrolled in the InterCHANGE study. Patients with missing (n = 18), overlapping (n = 101), or "other" (n = 65) topography codes and those with missing (n = 100) or inconsistent date of known last vital status (at or before date of diagnosis, n = 7) were excluded from the study. Less than 5% of patients (n = 75) had missing data for ≥ 1 of the explanatory variables and were excluded. The proportions of individuals with missing data were 3.1% for stage, 1.5% for education, 0.4% for smoking history, and 0.5% for alcohol history. The proportion of patients lost to follow-up was 17.4%.
Analyses were based on 1,463 patients with a complete set of information. Of these patients, 378 (25.8%) had LC, 78 (5.3%) had HC, 599 (40.9%) had OC, and 408 (27.9%) had OPC. Most patients were from Brazil (n = 1,174, 80.3%), followed by Argentina (n = 228, 15.6%), Uruguay (n = 32, 2.2%), and Colombia (n = 29, 2.0%). Approximately 55.5% of patients were diagnosed with stage IV tumors, varying from 47.6% for LC to 70.8% for OPC. The baseline characteristics of the participants are listed in Table 1 .
By the end of the follow-up period, 672 patients (45.9%) had died, and the median follow-up time was 1.7 year (range, 0.1-6.9 years). On the basis of Kaplan-Meier analyses, 3-year survival was estimated to be highest for LC (56.0%; 95% CI, 50.3% to 61.2%) and OC (54.7%; 95% CI, 50.3% to 58.9%), intermediate for OPC (48.0%; 95% CI, 42.4% to 53.3%), and lowest for HC (37.8%; 95% CI, 25.9% to 49.6%). On the basis of the log-rank test, worse survival was associated with advanced stage at diagnosis (Fig 1) , lower education (OC and OPC), smoking (OC and OPC), alcohol consumption (LC and OPC), male sex (OPC), and older age at diagnosis (OPC; Appendix Table A1 ).
For LC and HC combined, univariable analyses showed that advanced stage at diagnosis and alcohol consumption were associated with higher mortality rates. The mortality hazard in patients with HC was 1.7 times that in patients with LC (Table 2 ). In multivariable-adjusted models, the hazard for mortality was higher among older patients (≥ 71 v ≤ 50 years: HR, 1.73; 95% CI, 0.99 to 3.02), mulattos (v whites: HR, 1.44; 95% CI, 1.02 to 2.02), those with advanced stage (IV v I: HR, 7.62; 95% CI, 3.49 to 16.64), and ever-drinkers (current v never: HR, 2.27; 95% CI, 1.36 to 3.77; and former v never: HR, 2.06; 95% CI, 1.24 to 3.41). After multivariable adjustment, the mortality hazard in patients with HC was approximately 1.6 times that in patients with LC (HR, 1.57; 95% CI, 1.08 to 2.30; Table 2 ).
For patients with OC, univariable analyses revealed that advanced stage at diagnosis, lower education level, and smoking history were associated with higher mortality rates Table 3 ).
Among patients with OPC, univariable analyses showed that older age, male sex, lower education, advanced stage at diagnosis, ever-smoker status, and ever-drinker status were associated with higher mortality rates ( Table 4 ).
Similar associations between mortality and smoking duration and intensity and alcohol intensity were observed when compared with overall histories for all cancer sites (Appendix Table A2 ). When we performed an analysis restricted to centers with . 100 patients (INCA in Rio de Janeiro, A.C. Camargo Cancer Center in São Paulo, Santa Rita de Cassia in Vitória, Araújo Jorge in Goiania, and Angel Roffo in Buenos Aires; total of 1,400 patients), 3-year survival did not differ substantially from results across centers.
DISCUSSION
The InterCHANGE study provided relevant information on the predictors of survival after larynx, hypopharynx, oral cavity, and oropharynx squamous cell carcinoma using upto-date information (2011-2017) from 8 centers in 4 countries in South America. sites, alcohol consumption (former or current drinkers) for LC/HC, male sex and low education level for OPC, and mulatto race/ethnicity for LC/HC. In addition, in a subset analysis, HPV-unrelated OPC was associated with significantly inferior survival compared with HPV-related OPC.
The proportion of stage IV HNSCCs was strikingly high (56%) in our cohort. If we combine stages III and IV, approximately 75% of patients were diagnosed at later stages. HNSCC diagnosis includes clinical and pathologic information. 11 Although immunohistochemical HPV testing has prognostic significance, this test is not currently mandatory to make therapeutic decisions for patients with OPC not included in deintensification trials. 10 Reasons for late HNSCC diagnosis in South America are often multifactorial and may include lack of awareness of cancer signs and symptoms (in both patients and health care providers), lack of access to appropriate health care, and shortage of medical resources as a result of fragmented health systems. [12] [13] [14] Nearly half of the participants in our study (n = 677, 46.3%) were treated at public hospitals, where patients frequently face a significant delay in cancer diagnosis. 15 Whenever a delay in diagnosis occurs, the potential curability of HNSCC decreases considerably. 12, 16 Importantly, we found that stage at diagnosis was strongly associated with worse survival for all HNSCC sites, regardless of the center of treatment.
Although not directly comparable, results from the United States and Europe also show a high proportion of advanced-stage disease (regional or distant) at diagnosis. For instance, data from the American Cancer Society showed that, during 2007-2013, 66% of patients with OC and OPC were diagnosed with advanced disease. 17 In Europe, a study that investigated survival after HNSCC from 86 cancer registries during 1999-2007 revealed that 54% of patients were diagnosed at an advanced stage (regional or metastatic). 6 These results highlight the unmet need of We observed that older age at diagnosis was independently associated with lower survival for all cancer sites, consistent with previous studies in Europe 5 and North America. 18 Relevant factors that influence HNSCC prognosis among elderly patients are the presence and severity of comorbidities and therapeutic approaches. Relevant comorbidities include cardiovascular and respiratory diseases, which are strongly associated with smoking and alcohol consumption. 19 These comorbidities likely contribute to treatment decisions. 20, 21 Although older patients with HNSCC may have limited capacity to endure multimodality treatment (surgery, chemotherapy, and/or radiotherapy), a US study showed that elderly patients with advanced disease who received multimodality treatment had better survival than older patients who received single-modality therapy. 18 A careful assessment of risk and potential benefit of different treatment approaches is crucial to decrease HNSCC mortality and morbidity among elderly patients.
We observed higher mortality rates among ever-smokers with OPC in the univariable analysis, but this association was attenuated after adjustment for covariates. For patients with LC or HC, alcohol consumption was significantly associated with lower survival. Current and former drinkers had approximately 2.3 and 2.1 times higher mortality rates, respectively, compared with never-drinkers. The small difference between former and current drinkers may be partially related to cumulative years of drinking. Mortality rates were also higher among drinkers with OPC, although the association was attenuated after adjustment for confounders. Our findings are similar to those from a recent study in Uruguay, 22 which found alcohol use to be an independent predictor of worse survival for HNSCC. Alcohol consumption has also been associated with lower survival in patients with HNSCC in a number of studies in North America, 23 Asia, 24 and Europe. 25 In Latin America, harmful alcohol consumption is a major health problem and one of the leading risk factors for cancer, indicating a need for stronger policies to decrease alcohol misuse. 26 Our study supports the role of HPV as a prognostic factor for OPC, with patients with HPV-related OPC experiencing better survival than patients with HPV-unrelated cancer, consistent with preceding studies in Europe and North and South America. 27, 28 Given the significant epidemiology changes in OPC observed over the past few decades, studies looking at the potential benefit of primary prevention (HPV vaccination) and secondary prevention (screening for oral HPV infection) are warrented. 29 This study was limited because we lacked data on patient comorbidities, as well as detailed information on treatment approaches by stage at diagnosis. Because data were collected on patients diagnosed before 2018, we did not use the AJCC 8th edition staging system, which was fully implemented in January 2018. Consequently, we could not evaluate changes in staging classification, particularly for OPC. In addition, at the time of this study, tissue biomarkers for OPC (such as p16 expression) were not available, and this will be the subject of a future research project. However, several studies have demonstrated that HPV-16 E6 antibody is a highly specific biomarker for HPV positivity with false-positive rates , 1%. 10, [30] [31] [32] Data were missing for some explanatory variables. A complete-records analysis was used, which assumes that data are missing completely at random. Deviations from this assumption could result in bias in the estimated associations. However, , 5% of individuals were excluded as a result of missing covariate data; therefore, it is unlikely that this had a significant impact on the results. The extent to which our cohort is representative of patients with HNSCC in South America is unclear, and additional studies including more South American centers are warranted to confirm our findings.
The InterCHANGE project has major strengths. This study represents a multicollaborative research effort to provide actual information on a disease with great mortality and morbidity. We obtained recent (2011-2017), good-quality, prospective data from several hospitals specializing in cancer treatment in South America, providing relevant findings to the literature, where data are scarce. Our study followed a standardized protocol, with all cancers confirmed by histology. We had nearly complete information on stage at diagnosis, which is a strong predictor of HNSCC outcome and is often missing in epidemiologic studies. We collected detailed information on tobacco and alcohol use, which are modifiable risk factors that not only cause HNSCC but also have been associated with cancer prognosis. In addition, we provided information on patients' race or ethnicity and education level, allowing us to account for social determinants of health, elements that may greatly influence early diagnosis and cancer survival. 33 In summary, 3-year survival after HNSCC diagnosis was low in the South American centers we studied, especially for OPC and HC. Elderly patients had higher mortality rates, which highlights the need of careful assessment of risk and potential benefit of therapeutic management. Our findings of worse survival among former and current drinkers diagnosed with LC or HC emphasize the need for health policies aimed at decreasing alcohol consumption in the population. This is especially relevant in light of a recent a systematic analysis of 195 countries that showed that the total attributable burden of alcohol use was greater than demonstrated in previous studies. Moreover, cancer, including HNSCC, accounted for a substantial proportion of total alcohol-attributable deaths. 34 Finally, late stage at diagnosis was the strongest predictor of HNSCC survival. Efforts to detect cancer at an earlier stage are fundamental to improve survival after HNSCC in South America. 
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